Purpose: The objective of this project was to develop new sentence test materials drawing on a basic non-native English lexicon that could be used to test speech recognition for various listener populations. These materials have been designed to provide a test tool that is less linguistically biased, compared with materials that are currently available, for sentence recognition for non-native as well as native speakers of English. Method: One hundred non-native speakers of English were interviewed on a range of 20 conversational topics. Over 26 hr of recorded non-native English speech were transcribed. These transcriptions were used to create a lexicon of over 4,000 unique words. The words from this lexicon were used to create the new materials based on a simple syntactic sentence structure frame.
O
ver the past few decades, the study of second language (L2) speech perception has emerged as an expanding research area, the results of which have implications for a range of disciplines, including linguistics, speech science, audiology, and education. More recently, there has been an increased interest regarding the speech perception of listeners attending to speech in their non-native language in adverse listening conditions, such as in noise, which mimic real-life communication situations (e.g., Bradlow & Alexander, 2007; Cutler, Garcia Lecumberri, & Cooke, 2008; Pinet & Iverson, 2010; Shi, 2010; Smiljanic & Bradlow, 2011; van Wijngaarden, Steeneken, & Houtgast, 2002) . This interest comes at a time when the U.S. population continues to become more diverse (U.S. Census Bureau, 2010) . The increasingly diverse populace requires that speech-language pathologists and audiologists alike meet the demands of clients who have communication disorders and primarily communicate in English but do not speak English as their first language (Adler, 1990; Ballachanda, 2001a Ballachanda, , 2001b . To properly assess communication disorders for this population as well as to eventually provide evidence-based practice for these clients, it is necessary to have a better understanding of speech perception of the non-impaired (i.e., those with normal audiometric thresholds, normal speech and/or language), non-native listener.
One facet that has hindered speech perception research with non-native speakers of English is the lack of test materials specifically designed to test the nonnative English speaking population. The currently available test materials have typically been developed with other listener groups in mind (e.g., native listeners or children). They are often limited in the number of unique sentences or keywords that can be manipulated in experimental conditions. The existing test materials may thus be inappropriate for use with non-native adult listeners and can often lead to researchers developing their own project-specific materials. Creating novel stimuli is time consuming and may not allow for direct comparisons of the findings across various studies (see Bent and Bradlow, 2003, and Alexander, 2007 , for discussions of such issues). With these issues in mind, the goal of the current project was to create a new, large set of test materials for sentence recognition that would be appropriate for both native-and nonnative English speakers. These materials could then be used to investigate speech perception as well as to assess hearing abilities in the laboratory and clinics. Our long-term research goals, of which the new test materials are a crucial component, are to gain insight into the interaction of auditory and linguistic factors in shaping first and second language speech perception processes. As a part of this agenda, we have developed these sentences in the hope that they will aid in examining applied and theoretical issues regarding native and non-native speech processing.
This article describes the development of the new Basic English Lexicon (BEL) sentence recognition materials. Although these materials share some facets with existing sentence lists (e.g., Bamford-Kowal-Bench [BKB] and Speech Perception in Noise Test [SPIN] ), they are distinguished by two important features. First, they are based on a basic English lexicon derived from naturalistic interactions with non-native speakers. We use "basic" here to indicate vocabulary used by nonnative talkers in conversations discussing everyday topics. Second, they comprise a large set of original sentences (500 total with 2,000 keywords). These design features should allow for less linguistically biased speech recognition and hearing assessments of both native and non-native listener groups as well as for testing of multiple experimental conditions. Speech recognition can be studied using many different components of speech, including phonemes, words, and sentences. Though research using each of these stimuli sheds light onto speech processing at distinct levels of linguistic structure, we opted to focus on the development of sentence materials since they reflect ecologically valid speech structures encountered in realworld listening environments (Villchur, 1982) . A potential problem with using sentence materials for experimental and clinical testing is that once listeners hear the sentence, they become familiar with the test material. Presenting the listener with the same material again can bias recognition scores because the listener can rely partially on memory to complete the task (Yund & Woods, 2010) . A limited number of sentences has proven to be challenging for researchers conducting experiments with multiple experimental conditions or with smaller populations that are difficult to recruit (e.g., hearingimpaired, cochlear-implant, and non-native English speaking listeners). An even more challenging problem when testing non-native speakers of English is that they may be unfamiliar with the vocabulary used within the sentences, and the sentence structure may be difficult for them to process. This may lead them to replace the target words with words that are more familiar to them or that make sense within the sentence even though it was not the signal they heard. The lack of familiarity and the inexperience with the various levels of L2 linguistic structure can thus further bias non-native listeners' recognition scores. It is therefore crucial to use sentence recognition materials that will aid researchers and clinicians in separating perception difficulties that are linguistically driven from those that are auditorily driven in non-native listener groups.
Many researchers have turned to the BKB (Bench, Kowal, & Bamford, 1979) sentence lists (or a revised version of these sentences) when testing non-native speakers of English (e.g., Crandell & Smaldino, 1996; Mayo, Florentine, & Buus, 1997; Nakamura & Gordon-Salant, 2011; Pinet & Iverson, 2010; Van Engen, 2010) . The BKB sentence lists are composed of 21 lists of 16 sentences (1,050 keywords in total) and were originally developed using a lexicon from hearing-impaired British children to assess their auditory abilities. Bent and Bradlow (2003) , for instance, used four lists from the revised BKB (Bamford & Wilson, 1979) lists to conduct English speech-perception testing for non-native speakers. There were 144 unique keywords across the four lists of sentences. After perception testing was completed, the non-native speakers of English performed a word familiarity test to determine how familiar the listeners were with the keywords. Listeners rated their familiarity on a 7-point scale ranging from 1 (I don't know this word) to 7 (I know this word). Additional words that previously have been shown to be less familiar with nonnative speakers of English (Bradlow & Pisoni, 1999) were also included to allow the entire spectrum of the 7-point scale to be used. Results indicated that listeners ranked approximately 80% of the keywords as a 7 on the familiarity scale and very few keywords were rated below a 5 on the 7-point scale. This suggests that the listeners were familiar with and at least recognized the majority of the test words. These results highlight that, at a minimum, a portion of the BKB sentences are a good alternative when testing speech perception of nonnatives (see appendix in Bent & Bradlow, 2003) . However, the BKB sentences, which were aimed at testing children, include vocabulary and syntactic structures that are simpler than what non-native adults encounter in daily interactions.
Another set of test materials that are commonly used in speech perception research (e.g., Mayo et al., 1997; Tabri, Chacra, & Pring, 2011) , SPIN sentences, were designed to separate differences in performance due to acoustic-phonetic versus "linguistic-situational" information. SPIN sentences are scored based on the listener's response to the perception of one noun that is in the final word position. In half of the sentences, the final word is highly predictable based on the beginning of the sentence (e.g., "A bear has a thick coat of fur"), whereas the other half of the sentences contain a final word that is not predictable based on the beginning of the sentence (e.g., "They knew about the fur"). When SPIN sentences were created, the familiarity of the final words was controlled by using words from the Thorndike and Lorge lists (1944) . These sentences were designed for use with a clinical population and initially included 250 lowpredictability and 250 high-predictability sentences (a total of 250 keywords in which the same items were used for both sentence types). Later, Bilger, Nuetzel, Rabinowitz, and Rzeczkowski (1984) reported that only eight of the original 10 lists were equivalent in difficulty for a clinical population (a total of 200 keywords per sentence type), and these lists have become known as the Revised SPIN sentences. The Revised SPIN sentences have been used for non-native English sentencerecognition testing (Mayo et al., 1997) , even though many of the final keywords may not be familiar to non-native speakers of English (e.g., "flock," "mast," "rim," "mist," "notch"). Though Mayo et al. (1997) reported that highly proficient bilinguals perform near native performance in quiet for the recognition of SPIN sentences, Bradlow and Alexander (2007) developed an alternative list of 120 sentences (60 high-and 60 low-predictability sentences) that used vocabulary (e.g., "paper," "bird," "trees," "mother") that would be more familiar to a broader range of proficiency levels for non-native speakers of English. To test the familiarity of the keywords for the high-predictability sentences, non-native English speakers were asked to fill in the blank for the final key word of the sentences they tested. Sentences that were most consistently completed were included in testing. Bradlow and Alexander developed these lists to investigate non-native listeners' ability to benefit from either semantic contextual cues or exaggerations of acoustic-phonetic cues. As already mentioned, an important caveat with using the SPIN materials (and the alternative lists provided by Bradlow and Alexander) is that the amount of materials available to test the subject is limited. This is challenging when there are multiple experimental conditions or a limited number of subjects available for testing across experiments. These projects also highlight the fact that in order to obtain meaningful data, researchers currently must resort to developing their own materials for specific experiments, which is both time consuming and costly.
Though the existing materials aided in providing us with important insights into sentence recognition for various populations, we undertook the task of developing new sentence materials that would more directly address the unique requirements posed by speakers of English as a second language. In doing this, we focused on the following features: first, designing a greater number of sentence materials to enable difficult-to-recruit listeners to complete tasks under multiple experimental conditions; second, developing sentence materials using the lexicon derived from the actual non-native speakers' spontaneous productions; third, creating sentences in which the majority of non-native speakers of English would be familiar with the vocabulary items; last, constructing sentences with a simple English structure to make the task less difficult for non-native listeners and older listeners. To this end, we collected a large non-native English lexicon from the naturalistic speech of 100 non-native English speakers. Using this lexicon, we created 500 sentences. This carefully designed set of 500 sentences aims to fill a gap in the resources available to researchers and clinicians for conducting studies and assessments with native and non-native speakers of English. In addition, high-quality recordings of the new materials are available. The development of the BEL sentence materials is described below.
Method

Basic Lexicon Development Procedures
The central consideration in developing the sentence materials was to use only lexical items with which a large number of non-native listeners, who may have limited knowledge of the English lexicon and syntax (among other L2 features), would be familiar. Native speakers, of course, would have familiarity with these more basic vocabulary items as well. For the purposes of ensuring the use of the lexical items that L2 speakers were likely to know in these materials, we adopted a novel approach in collecting the basic lexicon. Rather than using second language learning textbooks or assuming that certain items would be known to L2 learners, we conducted interviews with 100 non-native speakers of English. We focused on relatively proficient L2 learners with diverse language backgrounds who reside in the United States and are representative of the larger U.S. demographic. These materials are, therefore, most appropriate for a U.S. non-native English listener population. The 100 participants were part of the Queens College and the broader Queens County community. Queens is the easternmost of the five New York City boroughs. It has over 2 million residents, approximately half of whom were born outside of the United States. Approximately 138 languages are spoken in Queens (New York State Comptroller, 2000) .
Conversations were elicited using 20 predetermined topics (see Table 1 ). On average, 40 participants discussed each topic (with a range of 29-53 participants per topic). Topics were designed to obtain a large lexicon while limiting the scope of the conversation. Also, many conversational topics were closely related to other topics. The specific number and types of topics we chose were necessary to generate a large amount of vocabulary while at the same time trying to increase vocabulary repetition across participants. Research assistants, who were native speakers of American English, began the conversations by reading short, scripted introductions based on each topic. Several open-ended questions were used to prompt conversation. These questions were mainly used for those participants who were less talkative. For many participants, dialogue flowed naturally, and scripted questions were not necessary.
1 On average, each participant discussed eight conversational topics and spoke for approximately 2 min per topic. In total, 795 short conversations, totaling more than 26 hr of conversational speech, were digitally recorded using handheld SONY IC recorders with an attached lapel microphone. All procedures were approved by the Institutional Review Board at Queens College of the City University of New York. Participants were provided with a written statement regarding the research project.
Written consent was not obtained as anonymity was maintained for all participants. Payment was not provided for this portion of the research project. The next step in creating the lexicon involved orthographically transcribing the participants' speech during the interviews. Each conversation was transcribed by one transcriber and checked for reliability by a second transcriber. Words that could be identified clearly from their pronunciation and identified by the context in which they were used were included as lexical items. Even though some non-native productions differed from the native targets, we opted to include them because at this point we were concerned not with the accuracy of their pronunciation but rather with their active knowledge of these lexical items. Crucially, both transcribers had to agree that the words used revealed familiarity with the meaning and appropriate use in the sentence. From these data, a lexicon was created for each individual talker, including all the words used by that talker. Each lexical item was labeled for syllable count and part of speech. On average, each participant used 385 unique words per recording session. The first time a word was used, it was considered unique. All words (including every word spoken) used across all talkers were then combined into a master lexicon. In the master lexicon, each word was marked for the frequency with which it occurred (i.e., the number of times repeated) across all participants. The final lexicon included more than 200,000 spoken words, with 4,062 unique words (excluding function words) spoken with varying rates of occurrence. The words from the master lexicon were used as the vocabulary to develop the test sentences.
Background Information for Speakers Used to Create Lexicon
All participants completed a questionnaire modeled after the Northwestern University Subject Database questionnaire (Chan, 2012) developed by the Department of Linguistics at Northwestern University. Questions addressed the speakers' demographic information, language background, English experience, and so forth. Results from the questionnaire revealed that participants had a wide range of linguistic and educational backgrounds, English experience, and English proficiency levels. Of the 100 non-native English speakers, 55 participants were women, and 45 were men. Participants ranged between 18 and 73 years in age (M = 32 years, SD = 13 years). The participants represented 28 different nationalities and 16 native languages (see Tables 2 and 3 , respectively). Sixty-nine of the participants spoke two languages (native language and English), 29 spoke three languages, and two spoke four languages. Not all 100 participants reported responses for their race and ethnicity; however, 70 of the participants reported The average age at which participants began learning English was 12.8 years old (range = 8-39 years old). Participants had an average of 5.4 years of formal English language classes in their home country (range = 0-18 years). Forty-six participants had no formal English education; four began their English education in primary school, 15 in secondary school, 22 in college, and 13 in graduate school. Fifty-nine participants were full-time students (it should be noted that, of these, many were "nontraditional" undergraduates; Queens College has, for example, many students returning to school to change careers or who began college later in life), 16 identified as white-collar workers (including a microbiologist, a lawyer, an accountant, and an occupational therapist), 23 identified as blue-collar workers (including an electrician, a waiter, and a room attendant), and two were retired.
Sentence Development
A second major concern in developing these new materials was the need for the non-native listeners to be familiar with the syntactic structure in which the lexical items or keywords occurred. To ensure the relative simplicity of the syntactic structures and consistency across sentences, we used a predetermined syntactic frame to create the sentences. The basic syntactic frame that was used to develop the sentences consisted of the following obligatory and optional (in parentheses) word categories: (D), (A), N or Pro, (Adv), V, (Adv), (P), (D), (A), (N), where D = determiner, A = adjective, N = noun, Pro = pronoun, Adv = adverb, V = verb, and P = preposition. No complex syntactic frames with, for example, embedded or preposed dependent clauses, or with complementizer phrases, were included. In addition, only two members of the category could be coordinated using the form of X and X, such as Noun and Noun. Grammaticality, meaning, and the number of keywords (i.e., the words within the sentence that serve as the targets for the sentence-recognition materials; these are shown in Table 4 and Supplemental Material Table 2 using capital letters) determined how many and which of the optional categories were included. There were 12 variants of the basic structure that were the most common and accounted for 70% of the BEL sentences. An example of the 12 variants is shown in Table 4 . The remaining 20% of the sentences, though less common, were also similar types of variants of that original syntactic frame. Using the original syntactic frame provided us with sentences approximately equal in length (in terms of the number of total words) and complexity and an equal number of keywords. All keywords were derived from the master lexicon (described above). The complete list of the 500 sentences, each composed of five to seven words with four keywords, can be found in Supplemental Material Table 2 .
Once 500 sentences were written, 16 native speakers of English (11 women, 5 men; mean age = 31 years old) were asked to read the sentences. They were asked to flag any sentences that were confusing, odd, did not make sense, or did not sound like a typical English sentence. Two lab members (including the first author) reviewed comments from the 15 native-English-speaking readers. Although all comments were taken into consideration, only those sentences that more than one reader critiqued were edited. An example of a native-reader critique was, "It sounds more natural to start this sentence with 'My Uncle' rather than 'The Uncle.'" A more substantive comment was made with respect to the following sentence: "The ARMY and GENERAL FOUGHT a BATTLE" (in which the keywords of the sentence are capitalized).
Three separate readers commented that the combination of "the ARMY and GENERAL" sounded unnatural. This sentence was eventually edited to "The STRONG ARMY WON the BATTLE." More than one native-Englishspeaking reader critiqued 40 of the 500 sentences. All 40 sentences were edited or rewritten to address the readers' concerns.
Subsequently, a group of 15 non-native English speakers (10 men, 5 women; mean age = 45 years old) were asked to read the revised sentences. The average age at which these readers began learning English was 22 years old. The native languages of these readers included German, Igbo, Mandarin, Polish, and Spanish. These readers were also asked to flag any sentence that did not make sense to them or any sentence in which they did not understand the vocabulary used. All comments by these readers were taken into consideration. Words were replaced for any sentence that even one reader indicated he or she was not familiar with or if the reader indicated the sentence did not make sense. The majority of comments non-native readers made indicated difficulty with the whole meaning of the sentence and how it related to the real world, or at times the non-native readers pointed out incorrect use of grammar (which in actuality was correct).
One example of an original sentence with which several non-native readers had difficulty is "The FISH SWAM SLOWLY in the BOWL," which received comments such as "I don't understand the word 'bowl' used here" and "This sentence sounds strange." The sentence was edited to "The FISH SWAM SLOWLY in the LAKE." The common term "fishbowl" makes the use of "bowl" in Table 4 . Twelve syntactic structures accounting for 70% of the structures used in the 500 Basic English Lexicon sentences. The ORANGE FIRE BURNED BRIGHTLY. 14 Note. The structure, an example sentence using the structure (with scoreable keywords shown in capital letters), and the number of times the structure was used are shown. Word types are as follows: D = determiner; A = adjective; N = noun; V = verb; P = preposition; Adv = adverb.
this context seem natural to a native speaker. However, if a non-native speaker is unfamiliar with the term "bowl," most likely understood as kitchenware, the use of this word in this context would seem very strange. Another example included the original sentence "The COOK MADE FLAT NOODLES." Three non-native readers stated the following comments: "I don't understand 'flat' in this sentence"; "'Cook' doesn't make sense in this sentence"; and "It should be 'cooker' instead of 'cook.'" The sentence was edited to "The CHEF MADE FRESH NOODLES." The use of "cook" as a noun is seemingly common to a native speaker of English but potentially confusing to a non-native as "cook" is often initially learned as a verb. In addition, although "flat" is a fairly easy adjective, its use with food may be a bit atypical. The substitution of "fresh" was chosen since this word is more commonly associated with food. A final example of a comment made by one reader that did not result in the sentence being edited was in response to the following sentence: "She WASHED and DRIED her CURLY HAIR." The non-native reader commented, "It should be 'hairs' instead of 'hair.'" No changes were made since this was an erroneous grammar edit, and the reader did not have difficulty understanding the meaning or vocabulary used within the original sentence. In total, 85 sentences were modified.
BEL Sentence List Development
The final 500 sentences were divided into 20 different test lists (each including 25 sentences and 100 keywords) based on vocabulary (including the rate of occurrence of each word in the master lexicon), syntactic structure (distributing different types of structures across lists), syllable counts, and high-frequency speech information (i.e., the distribution of fricative and affricate sounds to account for perception difficulties for listeners with high-frequency hearing loss). Function words were not included in the affricate and fricative count. Each list of 20 sentences contained 100 target words. Across the 2,000 keywords, 939 unique keywords were used. Ideally we desired that all 2,000 keywords be unique, that is, never repeated across any of the sentences. Having zero repeatability of keywords was a desired criterion because hearing a specific key word in one listening condition could prime a listener to correctly repeat that same word in another potentially more degraded listening condition. However, in reality with our constraints of using only vocabulary from our non-native elicited English lexicon, this criterion was, in fact, impossible. There were only a limited number of words we could use without repeating to generate a large number of sentences with four keywords that were also grammatically and semantically correct. This is a problem not specific to our sentences alone, however; it is a common problem both in BKB sentences (in which the developers of these sentences also had similar constraints that they were creating their stimuli based on naturally produced speech of hearing-impaired children) and the Harvard IEEE sentences (IEEE Subcommittee, 1969) (which did not necessarily have a lexicon restraint, but the developers were faced with trying to create 720 sentences with 3,600 total keywords). The amount that the keywords do repeat across our sentences is in alignment with these popular sentence lists in that 47% of our keywords are unique, whereas 47% and 52% of keywords are unique in the BKB and IEEE lists, respectively.
Recordings
Two native-English female talkers (26 and 27 years old) and one native-English male talker (age 34) each recorded the complete set of 500 sentences in a soundtreated room. Sentences were digitally recorded at a 44.1 kHz sampling rate with 16-bit resolution. A custom-designed software program created in MaxMSP (Cycling, 74' Version 5.0, 2008) using an Apple iMac computer connected to a MOTU Ultralite mK3 digitalanalog convertor and a Shure SM81 cardioid condenser microphone with pop filter attached, placed 12 in. (parallel) from the talkers' lips, were used to record the sentences. The talkers were instructed to speak naturally. The text for each sentence was presented to the talker via a 27-in. Apple LED cinema display that could be visualized clearly through the double-paneled window of the sound-treated room. The talkers could also see a VU meter that indicated the target talking sound level. The 500 recordings were digitally edited using SoundStudio to remove silence at the beginning and at the end of each sentence. Some sentences were rerecorded because of speech disfluencies or extraneous noises in the recording. All files were then root-mean-square (RMS) equalized, using Praat (Boersma & Weenink, 2011) , to the same pressure level of 0.1 Pa. The length (in seconds) of each wave file for all three talkers is reported in Supplemental Material Table 2. All sentence recognition testing reported in this article was conducted using the recordings obtained by the first female talker. No experimental testing has been conducted using the other two talkers at this point. All of the highquality audio recordings are available for use by request to the first author.
Listening Test Procedure
To determine whether the 20 lists we created contained sentences and lexical items that were equally easy or difficult to recognize and that performance across lists would be correlated under identical listening conditions, we asked native speakers of English to listen to the sentences in noise. We decided to focus initially on native speakers of English in order to obtain data about the relative difficulty across sentence lists on a more homogeneous participant pool (and therefore at this time, data for non-native speakers of English and hearingimpaired listeners will not be included). Seventeen normal-hearing native-English-speaking listeners (mean age = 23 years, SD = 4 years; 6 men, 11 women) participated. The Institutional Review Board at Queens College of the City University of New York approved all listening test procedures. Listeners were paid for their participation and provided written informed consent. Prior to participation, all listeners had an otoscopic evaluation to ensure clear ear canals. All listeners had normal hearing thresholds (<20 dB HL) bilaterally tested with standard clinical audiological procedures (American Speech-Language-Hearing Association, 2005) at octave frequencies between 250 and 8000 Hz on a twochannel Grason Stadler clinical audiometer and TDH headphones.
Listeners were seated in a comfortable chair in a double-walled, sound-treated room. Stimuli were passed to an MOTU Ultralite mK3 digital-analog convertor, passed through a HeadAmp 6 Pro headphone amplifier, and output to Etymotic ER1 insert earphones with disposable foam insert eartips (13 mm) attached. Each listener was presented with all 500 sentences, separated into 20 different lists of 25 sentences. The presentation order of the lists was randomly selected. The level of the target sentences was fixed at 65 dB SPL, measured using a GRAS Sound and Vibration IEC Ear Simulator coupled to a preamplifier. Sound pressure levels were based on the average RMS pressure of the sentence files. The sentences were presented in the presence of noise (16 bit, 22 kHz sampling rate) spectrally matched to the long-term average spectra (LTAS) of the 500 test sentences. The noise was generated using MATLAB by passing a Gaussian white noise through a Finite Impulse Response filter with a magnitude response equal to the LTAS of the 500 sentences spoken by the first female talker. The level of the competing noise was fixed at 70 dB SPL, providing a signal-to-noise ratio (SNR) of -5 dB. The target speech and noise masker stimuli were mixed in real time with custom software created using MaxMSP running on an Apple iMac computer. One target sentence was played on each trial, and a random portion of the 60-s noise masker was presented 1 s longer than the target sentence (500 ms prior to the beginning of the sentence and 500 ms at the end of the sentence).
Listeners were first presented with eight sentences (from the Revised BKB sentence materials) spoken by the same female talker used to record our target sentences. This allowed listeners a practice period listening in noise and familiarizing themselves with the talker's voice and the task before the experimental testing began. Listeners were presented the practice sentences at 5, 0, and -5 dB SNR. The number of sentences presented at each SNR varied depending on the participant's performance (i.e., if listeners were having difficulty with the task, they were allowed extra sentences at the easier SNR before moving to the more difficult SNR; otherwise, the first three sentences were presented at 5 dB SNR, the next three at 0 dB SNR, and the last four sentences at -5 dB SNR). Listeners came in on two separate occasions to complete all of the testing. All listeners completed their second test session within 7 days of the first test session, and on average the two test sessions were separated by 4 days. Subjects completed 10 lists per day.
Listeners were asked to repeat the sentences that they heard. Specifically, they were instructed to repeat any word that they heard, regardless of whether the sentence made sense or they had missed portions of the sentence. Listeners' responses were scored online by an examiner seated outside of the double-walled soundtreated room. Listeners' responses were also digitally recorded using a handheld Sony digital-voice recorder with an external lapel microphone. The recordings were scored for reliability purposes by a second examiner. Scores that were not in agreement between the two examiners were reassessed by a third examiner, and a score was agreed on.
Results
The specific question we addressed with this listening test was whether the word recognition success was similar across the 20 lists we created. In other words, we wanted to know whether the 20 lists were equally easy or difficult to recognize and that performance across lists was correlated under identical listening conditions.
As reported earlier, all online scoring was reliability checked, and agreement between the two testers occurred in 96% of the total trials. A third examiner was used to determine the final score in the event of scorer disagreements. Average data and standard deviations from the 17 listeners are presented in Table 5 along with the distribution of syllable count, high-frequency count, and rate of occurrence of keywords within the lexicon used to equally divide the sentences across lists. A repeated measures analysis of variance (ANOVA) was used to test differences in performance across lists. The ANOVA was significant at the p < .05 level, F(19) = 11.15, p < .001. To determine significant differences between the lists, we used post hoc pairwise comparisons based on estimated marginal means with a Bonferroni adjustment for multiple comparisons. These results indicated that 17 of the 20 lists were not significantly different from each other in difficulty with respect to mean performance for each list. Three of the lists were significantly different (List 9 yielded significantly lower scores compared with all lists except Lists 4 and 15, and Lists 18 and 20 yielded significantly higher scores compared with Lists 4, 8, 9, 14, and 15 and Lists 4, 7, 8, 9, 13, 14, and 15, respectively) than the other lists (p values ranging from < .001 to .044).
Redistribution of Sentence Lists 9, 18, and 20
We redistributed the sentences within Lists 9, 18, and 20 in an attempt to equate the difficulty of these three lists. Sentences were redistributed based on the performance of the 17 native-English-speaking listeners and the content of each sentence (syllable count, highfrequency count, syntactic structure, and rate of key word occurrence within the developed lexicon). That is, we used sentence performance to redistribute sentences that listeners performed consistently poorly on with sentences that many listeners consistently performed well on within Lists 9, 18, and 20, while maintaining similar distributions for syllable count, high-frequency count, syntactic structures, and rate of key word occurrence according to the overall design features. The distribution was based on modeling sentence recognition performance for each list, which resulted in mean performance scores based on the other 17 lists.
Perception Testing After Revision of Lists 9, 18, and 20
An additional 20 native-English speaking listeners (mean age = 23 years, SD = 5 years; 3 men, 17 women) with normal audiometric thresholds were tested on the recognition of all 500 sentences (20 lists). Average data and standard deviations from the 20 listeners are presented in the last two columns of Table 5. Table 6 illustrates mean and median performance, standard error, and the lower and upper bound of a 95% confidence interval for performance for each list. We conducted a repeated measures ANOVA to assess differences in mean performance across the 20 lists. The repeated measures ANOVA was significant at the p < .05 level, F(19) = 4.409, p < .001. To determine which list pairs had significantly different performance scores, we used post hoc pairwise comparisons based on estimated marginal means with a Bonferroni adjustment for multiple comparisons, which indicated that four list pairs were significantly different at the a = .05 level. List Pairs 11 and 14 ( p < .001), 11 and 15 ( p = .008), 14 and 16 ( p = .009), and 15 and 16 ( p = .010) were significantly different from each other (significant differences for list pairs are shown in Table 7 ).
To determine whether performance across lists was correlated under identical listening conditions, we calculated correlations between performance scores. Bivariate correlations for all 20 lists indicated that performance scores for the large majority of list pairs were significantly correlated. The performance scores of the two groups of listeners (those that listened to the original 20 lists and those that listened to the 20 lists with Lists 9, 18, and 20 revised) were used for these computations. Therefore, the sample size for these correlations was 37 for Lists 1-8, 10-17, and 19. A sample size of 20 was used for the correlations including Lists 9, 18, and 20. Pearson coefficients for all 210 list pairs are shown in Table 8 .
General Discussion
The spontaneous speech of 100 non-native English speakers was used to create 500 new sentences for speech-recognition testing aimed at both native and non-native listeners. Though linguistic biases can never be removed from open-set speech recognition testing for non-native speakers of English, these materials were designed to provide a less linguistically confounding test tool. Twenty new test lists were created with 25 sentences each, providing 2,000 scoreable keywords. Recognition performance of native-English speaking, normal-hearing listeners at a fixed SNR of -5 dB indicated that overall the lists were equally difficult, and the majority of performance scores between lists were significantly correlated.
There has been tremendous progress understanding non-native speech perception in adverse listening conditions in recent years (e.g., Bradlow & Pisoni, 1999; Cutler et al., 2008) ; however, there are currently no standards for determining whether poor speech recognition scores obtained by non-native listeners on Englishlanguage speech recognition tests are due to their linguistic inexperience with the English language or various auditory impairments. It has been suggested by many (e.g., Gelfand, 2009; Nakamura & Gordon-Salant, 2011 ) that one way to deal with this issue is to test non-native speakers of English in their native language. To this end, new derivations of the Hearing in Noise Test were created in eight languages (Soli & Wong, 2008) . This work is helping to fill a much-needed void in speech-in-noise assessments conducted in languages other than English. However, there are several disadvantages to this approach for testing in the United States. First, all clinics would need to be equipped with speech-recognition tests in the various languages. Second, test materials may not be available in a listener's native language. Third, the examiner would need to be fluent (or at least highly proficient) in the test language in order to score the listener's responses or at a minimum have access to a trained interpreter who could score the responses. Last, we argue that it is imperative to consider those listeners who communicate predominantly in English but are non-native speakers of the language (e.g., someone born and reared outside of the United States but who now works, shops, dines, and so forth in an English-speaking community). For these listeners, their communication disorder is most likely being experienced predominantly in English because they are using English, not their native language, throughout the course of their day. Therefore, evaluating speech recognition in English, rather than their native language, may be functionally more relevant.
As a first step in assessing list equivalency for the new recognition materials, we conducted perception testing on native-English speakers with normal hearing. We opted to focus on native speakers of English in order to gain an insight into the relative difficulty across sentence lists on a more homogeneous subject pool. The use of normal-hearing, monolingual English speakers allowed us to probe whether there were any materialand /or signal-related variations within the sentences or recordings that could cause significant differences in performance across lists.
Correlations between performance on one list compared with performance on a different list showed that out of 210 list pairs, 87% of the correlations were significant at an alpha of .05 or greater (see Table 8 ), indicating equal perceptual ease or difficulty across the majority of lists. The sample size used for correlations for Lists 9, 18, and 20 was smaller (n = 20) than the sample size used for the remaining lists (n = 37). When these lists were not included in the analyses, significant correlations between list pairs increased to 92%. These data can be used when deciding on lists for research designs that maximize the equivalency across lists.
It is important to note that the original SPIN sentences, though equivalently difficult for normal-hearing listeners, were not found to be equivalent in difficulty for hearing-impaired listeners (Bilger et al., 1984) . This resulted in a reduced number of revised materials that provided equal difficulty across lists for those listeners with hearing loss. However, we opted not to test nonnative English listeners or hearing-impaired listeners in this initial phase. Both groups are heterogeneous by nature, and for a proper analysis with these types of listeners, a large sample size is needed that is beyond the scope of this article. The BEL sentences remain to be tested on a clinical population and a large non-native English speaking population. Until these data are collected, we cannot confirm that all 20 lists are equally difficult for these listener groups. However, throughout the development of these sentences, the demands of hearingimpaired and older listeners were taken into account. We evenly distributed the number of high-frequency phonemes (fricatives plus affricates) across lists to account for perception difficulties for those listeners with high-frequency hearing loss (see Hedrick, 1997; Zeng & Turner, 1990) . We also kept the length of the sentences within seven words to help make these lists a potential test tool for older listeners or other populations with cognitive or memory limitations that may lead to greater difficulty recalling longer strings of words (see Wingfield, Poon, Lombardi, & Lowe, 1985) . It is our hope that these considerations will allow us to use the BEL sentences for perceptual testing with diverse listener groups. However, it may be that after more data are collected, a revised version of the BEL sentences will be needed for use with specific clinical populations.
A possible shortcoming of the BEL sentences is that all non-native speakers used to create the lexicon were residents of Queens, New York. Therefore, their vocabulary could be specific to American English speakers and non-natives living in urban areas. However, during the creation of the sentences, we tried to avoid words that participants used that were specific to the New York City metropolitan area, such as "subway" or "transit." We also intentionally asked our talkers to elaborate on experiences within their home country in the hope that this would broaden the range of vocabulary used. We believe that the resulting lexicon from which we derived keywords for BEL sentences reflect more general knowledge and experiences that would be common to many U.S. residents.
Planned future work in our laboratories includes the collection of a large set of normative data from 100 nonnative speakers of English for all 20 lists. The findings from this project extension will be able to directly address some of the issues raised above. As expected, our pilot data show a large variability between participants, as a result of differences in linguistic history and English experience. It is important to note, though, that a similar pattern of mean performance between lists was observed for non-native listeners compared with the native results reported above.
Finally, it is important to keep in mind that the perception data reported were collected using only one talker (SR). No experimental testing has been completed with the other two talkers, although recordings are available for all three talkers. The data reported above are specific to the acoustics of talker SR's recordings, and it cannot be assumed that the reported results will be replicated with the other talkers. Out of our three talkers, SR had the slowest rate of speech (see Supplemental Material Table 2 ), which may aid in non-native speech perception. Furthermore, all perception testing was conducted at one level of distortion (-5 dB SNR). It is possible that at other SNRs or in other types of background noise (e.g., informational maskers), list equivalency may vary from that reported above. Healy and Montgomery (2007) suggested that sentences that are more or less difficult with respect to recognition in noise tend to retain their relative level of intelligibility even when overall performance level changes significantly and for different levels of listener ability. They caution, however, that sentences may not retain their relative level of intelligibility when sentence intelligibility is compared across different types of signal distortion. It is therefore crucial to make these sentences available to be tested in other experimental paradigms such that we can gain more insight into the various talker-, listener-, and signal-related factors that affect word recognition for these materials.
Conclusions
The goal of this project was to develop new sentence materials that could be used to test speech recognition for various listener populations. In our approach, we were guided by two major considerations: one, to use lexical items and syntactic structures appropriate for use with non-native listeners and, two, to generate a large set of materials that could be used in multiple experimental conditions and with difficult-to-recruit listener populations. We were able to address these considerations by deriving a large basic lexicon from ecologically valid communicative situations (i.e., spontaneous dialogues) with non-native speakers and embedding these lexical items in simple syntactic frames. The resulting set of materials consists of 20 lists of 25 sentences for a total of 2,000 target keywords. The development of these test materials was a major methodological goal of the present study. An important finding reported in this article is that nativeEnglish listeners found these lists to be equivalent in difficulty. Although these results provide important knowledge about the test materials in this stage of the project development, we are hopeful that similar results will be obtained for non-native and other clinical populations when tested using the BEL sentences.
